ABSTRACT. Head and neck cancer (HNC) is one of the most prevalent cancers; it is often diagnosed at its advanced stage and has a low 5-year survival rate. Evidence suggests that noninvasive biomarker microRNAs (miRNAs) are valuable for early diagnosis of HNC. This meta-analysis assessed the diagnostic value of miRNAs in HNC detection. A systematic literature search for relevant studies up to August 4, 2014 was conducted in databases and other sources. Statistical analysis was conducted using STATA 12.0. Pooled sensitivity, specificity, and other parameters, together with a summary receiver operating characteristic curve were used to assess the overall performance of miRNA assays. Subgroup analyses and meta-regression were used to analyze heterogeneity, and a Deeks' funnel plot asymmetry test assessed publication bias. = 0.21-0.30); diagnostic odds ratio (DOR), 16 (95%CI = 11-24); and area under curve (AUC), 0.87 (95%CI = 0.84-0.89). We conducted subgroup analyses based on ethnicity, cancer type, miRNA profiling, and specimen types, and found that miRNA assays yielded the highest accuracy in esophageal cancer. Notably, the DOR was 99 and the AUC was 0.96 for the multiple miRNA test, indicating strong discrimination of cancer patients from healthy people. The meta-analysis indicates that noninvasive miRNAs are a promising diagnostic tool with moderate accuracy for HNC diagnosis.
INTRODUCTION
Head and neck cancer (HNC), which includes esophageal, oral, thyroid, laryngeal, nasopharyngeal, and parotid cancers, as well as retinoblastoma, is estimated to be the sixth most common malignant tumor, as well as the sixth leading cause of cancer-related deaths in the world (Parkin, 2001; Jemal et al., 2008) . There are approximately 482,300 new esophageal cancer cases and 406,800 esophageal cancer-related deaths every year, and the annual incidence of oral cancer is estimated at more than 500,000. The etiology of HNC is not fully understood but major contributory risk factors are thought to be tobacco smoking, excess alcohol consumption, and betel quid usage. The risk of HNC is 38 times higher in heavy smokers and drinkers than in people who neither smoke nor drink. The 5-year survival rate for HNC has remained around 50% over the past decades, despite advances in cancer diagnosis and treatment (Hardisson, 2003) . Furthermore, the 5-year survival rate for early-stage esophageal cancer patients is more than 90%, but drops to 15% when the cancer has developed into the advanced stage. This implies that accurate early diagnosis is crucial to improving the survival rate of patients, thereby highlighting the need to find powerful biomarkers for early detection.
In recent years, a great deal of effort has been made to identify potential diagnostic biomarkers for HNC by gene expression profiling technologies. However, the lack of sensitivity and specificity limits their usefulness in clinical examinations. At present, the primary screening tool for esophageal cancer is endoscopy, by which a subset of patients can be diagnosed at the early stages and can therefore receive timely treatment, which greatly improves their chances of survival. However, endoscopy is inconvenient because it may cause discomfort or even pain in the patient (Zhou and Wang, 2010) . The current gold standard for thyroid cancer detection is fine needle aspiration biopsy. However, it is often impossible to determine malignancy with a high degree of certainty: only 70-80% of cases can be definitively determined. Therefore, novel and noninvasive biomarkers with high accuracy for the early diagnosis of HNC are urgently needed to reduce morbidity and mortality.
MicroRNAs (miRNAs), a class of mature, non-coding, single-strand RNAs with a typical length of 22 nucleotides, have opened up a new field for the molecular diagnosis of cancer (Kloosterman and Plasterk, 2006; Stefani and Slack, 2008) . With the capacity to target hundreds of genes, they play an important role in a variety of biological processes, such as cell differentiation, proliferation, and apoptosis, and it is not surprising that many studies have now identified an association between dysregulation of miRNAs and carcinogenesis, including that of HNC (Miska, 2005; Du and Zamore, 2007; Avissar et al., 2009; Keutgen et al., 2012; Gombos et al., 2013; Hirajima et al., 2013) . miRNAs are also expressed stably in plasma, serum, and other body fluids, indicating their potential use as clinical biomarkers.
Although many studies have identified the potential of miRNAs as biomarkers in HNC detection, study results are inconsistent owing to differences in study design, different specimen types, and different miRNAs. Indeed, different groups may also result in conflicting conclusions. Therefore, we conducted this meta-analysis to systematically evaluate the overall diagnostic accuracy of miRNAs in HNC detection.
MATERIAL AND METHODS

Publication search
We conducted a systematic literature search of PubMed, Wiley Online Library, EMBASE, Web of Science, and the China National Knowledge Infrastructure database up to August 4, 2014. The following key words were used: ("head and neck neoplasms" or "facial neoplasms" or "mouth neoplasms" or "parathyroid neoplasms" or "thyroid cancer" or "oral cancer" or "esophageal neoplasms") and ("microRNAs" or "miRNA" or "miRs" or "miR*") and ("sensitivity" or "specificity" or "diagnostic value" or "diagnosis" or "ROC curve"). Additional relevant studies from the reference lists were also included in our meta-analysis.
Inclusion criteria
Studies were required to meet the following inclusion criteria to be eligible for our meta-analysis: 1) they were human case-control studies; 2) they were clinical studies relating to the diagnostic value of miRNAs in HNC; 3) the studies made available information on true positives, false positives, false negatives, and true negatives; 4) publications were not duplications; and 5) studies were not in the form of reviews, abstracts, or editorial articles.
Data extraction and quality assessment
The necessary information and data were extracted from the final eligible articles as follows: first author, the year of publication, the country of origin, subjects' ethnicity, the number of cases and controls, cancer types, source of control, miRNA profiling, specimen, expression change, and data needed for diagnostic meta-analysis (sensitivity and specificity). The methodological qualities of the selected eligible articles were assessed by the Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) score system. The QUADAS-2 tool combines the index of patient selection, the index test, the reference standard, and flow and timing to evaluate risk of bias and applicability concerns.
Statistical analysis
The statistical analyses in our study were performed using the STATA 12.0 statistical software. The pooled parameters sensitivity, specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR), and diagnostic odds ratio (DOR) and their 95%CIs were calculated to evaluate the overall diagnostic accuracy, as well as the summary receiver operator characteristic curve and the area under the curve (AUC). Pairs of sensitivity and specificity were presented as forest plots to identify the heterogeneity between studies using a randomeffects approach. As the random error or differences in clinical or methodological characteristics of studies resulted in conflicting outcomes, subgroup analyses and meta-regression were conducted to explore the source of heterogeneity. Additionally, sensitivity analysis was performed to assess the robustness of our analysis and the publication bias of selected studies was assessed using the Deeks' funnel plot asymmetry test.
RESULTS
Included studies
The flow diagram of the selected studies is shown in Figure 1 . A total of 649 articles were identified from databases and other sources, among which 104 duplicates were excluded. Of the remaining 545 articles, 466 were excluded, including 322 abstracts, reviews, and metaanalyses, and 144 irrelevant studies; and 79 studies were left for further full-text examination. After reading the texts carefully, 35 prognostic studies and 20 studies without sufficient data were removed. Finally, 24 eligible studies were included in our meta-analysis (Avissar et al., 2009; Komatsu et al., 2011; Keutgen et al., 2012; Kitano et al., 2011 Kitano et al., , 2012 Lu et al., 2012; Maclellan et al., 2012; Shen et al., 2012; Vriens et al., 2012; Zeng et al., 2012; Gombos et al., 2013; Hirajima et al., 2013; Mazeh et al., 2011; Ouyang et al., 2013; Sheinerman et al., 2013; Takeshita et al., 2013; Wang et al., 2013; Zhang et al., 2010 Zhang et al., , 2011 Zhang et al., , 2013 Liu et al., 2010 Liu et al., , 2013 Liu et al., , 2014 Ries et al., 2014) . Table 1 shows the characteristics of eligible studies published between 2009 and 2014. The 24 articles comprised 69 studies including 1856 patients with HNC and 1375 controls. Of the 24 diagnostic articles, different ethnic groups were involved: 13 focused on Asians and the remaining 11 articles recruited Caucasian participants. The expression levels of miRNA were analyzed by quantitative reverse transcription polymerase chain reaction (qRT-PCR) in all the articles studying esophageal cancer (N = 7), thyroid cancer (N = 6), oral cancer (N = 6), and other cancers (N = 5). Eight of the 24 articles measured single miRNA expression levels between cases and controls, while the remaining 16 investigated the diagnostic performance of multiple miRNAs. Among the 24 articles, plasma specimens were used to measure the miRNA expression level in eight studies, while serum specimens were used in six studies, and tissue specimens were used in the remaining 10 studies. The QUADAS-2 scores in Table 1 show that all studies had moderately high scores, indicating the relatively high quality of the studies included. Further, as the bar graph in Figure 2 reveals, risk of bias including index subject bias, test bias, reference bias, and diagnosis bias of each single study was also relatively low, and subject applicability, test applicability, and reference applicability in the applicability domain were high, suggesting the reliability of our studies included.
Study characteristics and quality assessment
Diagnostic accuracy of miRNAs in HNC
Forest plots of sensitivity and specificity for miRNA assays in HNC detection were conducted, and the heterogeneity analysis revealed I 2 values of 83.46 (95%CI = 80.04-86.88; P < 0.01) for sensitivity and 87.76 (95%CI = 85.43.84-90.08; P < 0.01) for specificity, which indicates significant heterogeneity. Therefore, the random-effect model was selected for this study. The summary assessments of miRNAs in the diagnosis of HNC are shown in Table 2 . The pooled sensitivity was 0.80 (95%CI = 0.77-0.83) and the specificity was 0.80 (95%CI = 0.76-0.85). The summary receiver operating characteristic curve was plotted with an AUC value of 0.87 (95%CI = 0.84-0.89), indicating moderate accuracy for miRNAs assays in HNC detection. The PLR and NLR, which have been considered more clinically meaningful than sensitivity or specificity, were 4.1 (95%CI = 3.2-5.2) and 0.25 (95%CI = 0.21-0.30), respectively in our study, meaning that a person with HNC is four-times more likely to have a positive test result than a healthy person, while a healthy person is four-times more likely to have a negative test result than a person with HNC. The DOR, which is a combination of NLR and PLR, was 16 (95%CI = 11-24), indicating a moderate level of diagnostic accuracy.
Subgroup analyses
The subgroup analyses shown in Table 2 were conducted for further comparison. Subgroup analysis according to ethnicity was performed first. The specificity for Asian subjects was 0.82 and the PLR was 4.5, whereas for Caucasians those figures were 0.79 and 3.9, respectively, but there were minimal differences in the other parameters. These data indicated that the accuracy of miRNA assays for HNC in the Asian population was slightly better than in the Caucasian population.
Secondly, we investigated subgroup analysis according to cancer types for esophageal cancer, thyroid cancer, oral cancer, and other cancers. For the miRNA assays in esophageal Figure 3C ). For the miRNA assays in other HNCs, the AUC was 0.88 (0.85-0.91) ( Figure 3D ). We found that miRNAs assays in esophageal cancer yielded relatively higher diagnostic accuracy than any other HNC type. We then took miRNA profiling into consideration in the subgroup analysis. The results indicated that the multiple-miRNA assay was significantly more accurate than the singlemiRNA assay: sensitivity increased from 0.77 to 0.90, specificity increased from 0.76 to 0.92, PLR increased from 3.3 to 10.9, NLR decreased from 0.30 to 0.10, DOR increased from 11 to 99, and AUC increased from 0.83 to 0.96 ( Figure 3E and F) . The encouraging results of the multiple-miRNA assays (AUC = 0.96) may provide solid evidence for the clinical value of miRNAs as biomarkers in early-stage HNC diagnosis, and the multiple-miRNA test for HNC diagnosis is worthy of future attention.
Finally, subgroup analysis was conducted on specimen types and we found that serum-based and tissue-based tests were more sensitive (0.81 vs 0.81 vs 0.77, respectively) and specific (0.85 vs 0.82 vs 0.69, respectively) than the plasma-based test, suggesting that serum and tissue may be better matrices for HNC detection.
Further, as different study designs were chosen in different laboratories, which may have been a source of heterogeneity, meta-regression analysis was used to identify the sources of heterogeneity. As shown in Figure 4 , the results suggested ethnic origin (P < 0.001), cancer type (P < 0.001), miRNA profiling (P < 0.001), and specimen type (P < 0.001) were the sources of heterogeneity in sensitivity, as well as in specificity, which also confirmed the subgroup analyses in our study. 
Sensitivity analysis and publication bias
Sensitivity analysis was performed to assess the stability of our study. The data shown in Figure 5 suggest that the 10 studies included might have influenced the pooled results. When we deleted those 10 outlines from the analysis to assess the influence of the removed data set on the overall result, the diagnostic parameters remained almost the same as before (Table 2) , which confirmed the robustness of our analysis. As shown in Figure 6 , with a pretest probability of 25%, the post-test probability of HNC using multiple miRNAs for a positive test result was 76%, while the probability of a negative test result was 4%; the post-test probabilities were moderate, indicating that the multiple miRNA assay can serve as a good indicator in HNC detection. The funnel plots in Figure 7 were calculated to access the publication bias of the studies. The slope coefficient was associated with a P value of 0.24, which suggested no publication bias in our study. 
DISCUSSION
HNC is one of the most common cancers worldwide with a high incidence and mortality. The 5-year survival rate for patients with advanced tumors is less than 15%: much lower than patients diagnosed with early-stage HNC with its 90% survival rate. However, to the best of our knowledge, there is no effective tool to detect early-stage HNC with high accuracy, resulting in late-stage diagnoses. Moreover, regional and distant metastases, which contribute to poor survival rate, may occur during tumor development in esophageal squamous cell carcinoma (ESCC) and thyroid cancer. Therefore, increasing attention has been paid to identify effective biomarkers for the early diagnosis of HNC, and the discovery of miRNAs has opened a new field in cancer detection. Although the literature has confirmed the diagnostic value of miRNA assays, the results are debatable because of the different study designs used. For instance, Zhang et al. (2011) reported that the serum miRNA-31 level in ESCC patients was significantly higher than in healthy controls, and demonstrated its potential as a novel diagnostic marker for the diagnosis of ESCC with 86.7% sensitivity and 84.3 % specificity. However, for thyroid cancer, miRNA-31 assays yielded 45% sensitivity and 100% specificity in the study conducted by Mazeh et al. (2011) , which differed greatly from ESCC. When focusing on the diagnostic performance of the miRNA-31 test in oral cancer, Liu et al. (2010) found inconsistent accuracy, with 77% sensitivity and 80% specificity through the analysis based on 43 oral cancer patients and 22 healthy individuals. Because the performance of the miRNA assay in HNC detection is still subject to debate, we conducted this meta-analysis to identify the feasibility and the overall diagnostic value of the miRNA test.
In this meta-analysis, the pooled sensitivity was 0.80 (95%CI = 0.77-0.83) and the specificity was 0.80 (95%CI = 0.76-0.85), while the PLR and the NLR were 4.1 (95%CI = 3.2-5.2) and 0.25 (95%CI = 0.21-0.30), respectively, indicating moderate accuracy for the miRNA assays. The DOR, which has an advantage over a single indicator, was 16 (95%CI = 11-24), while the AUC, which is usually used to summarize overall test performance, was 0.87 (95%CI = 0.84-0.89). Overall, these data suggest that miRNAs are promising biomarkers for the diagnosis of HNC with good accuracy.
There are several obvious advantages of miRNAs when choosing them as candidate clinical biomarkers for the diagnosis of HNC. First, a great deal of effort has gone into applying miRNA assays to HNC patients' diagnosis. Avissar et al. (2009) were the first to demonstrate that miRNA expression showed strong predictive potential in HNC diagnosis, with a high sensitivity of 0.92 and a specificity of 0.93. Hirajima et al. (2013) measured plasma miRNA-18a levels in 106 esophageal cancer patients and 54 healthy individuals, finding that the miRNA-18a level was significantly higher in patients compared with controls. Gombos et al. (2013) found that certain miRNAs were relevant to the diagnosis of oral cancer. Keutgen et al. (2012) investigated the utility of four miRNAs in indeterminate thyroid fine-needle aspiration lesions, which showed 100% sensitivity and 86% specificity for thyroid detection. In the future, more comprehensive research will gain insight into the clinical value of miRNAs.
Second, miRNAs are accessible and stable biomarkers; it is easy to quantify their level of expression and they do not require any invasive procedures. Mitchell et al. (2008) have reported that tumor-derived miRNA exists in a remarkably stable form in human plasma, and miRNAs, which are released in various clinical samples via tumor-derived microvesicles or exosomes, are resistant to RNase activity (Valadi et al., 2007; Skog et al., 2008) . Mitchell et al. (2008) also revealed that miRNAs are present in abundance in human serum/plasma/tissue, and can be detected with a simple assay such as qRT-PCR, which makes them well suited to serve as noninvasive biomarkers for tracking diseases.
Third, according to our analysis, miRNA assays are sensitive and specific, especially when using a combination of multiple miRNAs. The subgroup analysis for miRNA profiling showed that the PLR for the miRNA test was 10.9, which meant that the false negative rate was about 9%, while the NLR was 0.11, which meant that only 11% of the healthy population was misdiagnosed as cancer patients. Generally, biomarkers with a PLR > 10 and an NLR < 0.1 are recognized as excellent indicators of great clinical value; the results of our study indicated that miRNAs could be useful biomarkers. Moreover, Glas et al. (2003) found that DOR ranges from 0 to infinity, so the high DOR value of 99 in our study indicates the significant performance of miRNAs in combination for discriminating HNC patients from non-cancer controls. Notably, the AUC of 0.96 for the miRNA test was also encouraging, because an AUC value of more than 0.97 is associated with excellent accuracy. Thus, miRNA is a promising and noninvasive biomarker, and performs well in both accuracy and discrimination for HNC detection.
Although the results of this meta-analysis were encouraging, some limitations need to be addressed. Firstly, as we know, the major risk factors for HNC are excessive consumption of tobacco and alcohol, but we were not able to carry out a subgroup analysis based on these two variables owing to insufficient data provided by the studies included, which may have had some influence on the outcomes. Secondly, although our data suggest that multiple miRNAs can achieve excellent accuracy and have clinical value, few overlapping types and numbers of miRNAs were found between studies, and the numbers required and the most efficient way to combine the miRNAs have not yet been reported. Hence, further studies investigating such combinations may be needed to improve the miRNA assay outcomes.
Thirdly, owing to the lack of uniform normalization in the methods used in the studies, different results may have arisen from different standardization methods, which certainly would have influenced the results.
In conclusion, although there were limitations, the current evidence suggests that novel and noninvasive miRNAs, especially multiple miRNAs, have potential diagnostic value to serve as screening tools for clinical practice in HNC detection. Larger-scale studies are required to improve the accuracy and explore the most effective combination of miRNAs.
